Summary
Introduction
Polymyositis (PM) and inclusion body myositis (IBM) are leukocyte antigen (HLA)-class I-expressing nonnecrotic muscle fibres deeply, it is still unknown how the autoinvasive muscle disorders mediated by cytotoxic T cells, whereas humoural factors such as antibodies against capillary CD8ϩ T cells eventually kill the muscle fibres. We have recently demonstrated that the autoinvasive cytotoxic T cells endothelial cells are thought to prevail in dermatomyositis (DM) (for reviews, see Engel et al., 1994; Hohlfeld and express perforin, a cytotoxic effector molecule contained in cytoplasmic granules (Goebels et al., 1996) . The perforin- Engel, 1994; Dalakas, 1995) . Although it has been firmly established that in PM and IBM, activated cluster of containing granules are characteristically oriented towards the target muscle fibre, indicating (but not proving) that in differentiation (CD) 8ϩ T cells surround and invade human factor is Bcl-2. Bcl-2 is encoded by the proto-oncogene bcl-2, which was originally cloned from the breakpoint of a PM, muscle-fibre injury is at least partially mediated by a chromosomal translocation present in many human B-cell perforin-dependent cytotoxic mechanism (Goebels et al., lymphomas (Farrow and Brown, 1996). 1996) .
The aim of the present study was to investigate the There is now convincing evidence that the perforin and possible role of Fas and Bcl-2 in muscle-fibre injury in secretion-dependent cytotoxic mechanism is not the only the inflammatory myopathies. We found that, although Fas killing mode employed by CD8ϩ T cells (Berke, 1994;  is expressed on a variable proportion of muscle fibres Kägi et al., 1994; Berke, 1995; Griffiths, 1995) . The second and inflammatory cells, nuclear changes of apoptosis are major cytotoxic mechanism depends on the interaction of the conspicuously absent, as demonstrated with the terminal Fas-ligand (Fas-L), expressed on the surface of the cytotoxic deoxytransferase-catalysed nick end-labelling (TUNEL) T cell, with its cognate 'death receptor' Fas (CD95), expressed technique for detection of apoptotic DNA fragments (Gavrieli on the target cell (Fig. 1) . In contrast to perforin-mediated et al., 1992) . Since we observed that the majority of Fasϩ killing, Fas-mediated cytotoxicity is independent of extramuscle fibres co-express Bcl-2, we postulate that Bcl-2 is cellular calcium and secretion of cytotoxic effector molecules one of the factors protecting muscle fibres from apoptosis. (Berke, 1994; Kägi et al., 1994; Berke, 1995; Griffiths, 1995) . The Fas/CD95 molecule, synonymously referred to as APO-1, belongs to the tumour necrosis factor (TNF)
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and nerve growth factor receptor family and contains a
Clinical material
cytoplasmic 'death domain' shared with the type 1 TNF An overview of the clinical data is shown in Table 1 . Freshly receptor (Nagata and Golstein, 1995) . Fas is known to be frozen sections of muscle biopsy specimens were obtained expressed in many tissues as well as on a variety of cell from patients with typical PM (n ϭ 5), IBM (n ϭ 4) or DM lines and on in vitro-activated T cells (Leithäuser et al., (n ϭ 3). Specimens from patients with Duchenne muscular 1993; Nagata and Golstein, 1995; French et al., 1996) . dystrophy (DMD; n ϭ 3) and specimens without myopathic The physiological signal for activation of the Fas-mediated changes from healthy subjects (control; n ϭ 3) served as signalling pathway is the ligation of Fas by the Fas-L, a controls. Thymic tissue from a child undergoing heart surgery member of the TNF family mainly expressed on activated was used to establish the TUNEL technique, and sections of T cells and natural killer cells. Triggering of the Fas (CD95/ normal mouse thymus served as positive controls in all APO-1) pathway results in cell death via apoptosis (Nagata TUNEL experiments. Patients and control subjects gave and Golstein, 1995) . Apoptotic cell death is characterized by informed consent to biopsies, and the study was approved plasma membrane blobs (blebbing), cell volume loss, nuclear by the local ethical committees. condensation and endonucleolytic degradation of DNA at nucleosomal intervals (Hockenbery, 1995; Majno and Joris, 1995; Fraser and Evan, 1996; Vaux and Strasser, 1996) .
Immunohistochemical studies
Cryostat muscle sections (8 µm) were used for immunoApoptosis is regulated by a complex balance of positive and negative factors. The best-characterized apoptosis-preventing fluorescence studies. The sources and concentrations of Table 2 . Undiluted enzyme were added to 45 µl labelling mix to constitute the reaction mixture for one sample. The slides were incubated labelled anti-CD95, anti-CD2, anti-CD4 and anti-Bcl-2 mAbs were immunolocalized with carboxymethylindocyanine (Cy3, in a prewarmed humidified chamber at 37°C for 45 min. After rinsing in TBS to remove the unbound dUTP-FITC, 2 µg/ml; Dianova)-linked goat anti-mouse IgG. Biotinylated anti-CD3 and anti-human-CD56 [anti-neural cell adhesion 100 µl of converter-solution (alkaline phosphatase diluted 1 : 5 in TBS) were applied to each specimen. The slides were molecule (anti-N-CAM)] were visualized with FITC (fluorescein isothiocyanate)-conjugated streptavidin after incubated in a humidified chamber at 37°C for 60 min. After washing in TBS, the filtered chromogenic substrates (NBTblocking nonspecific binding following the manufacturer's instructions (Blocking-kit, Vector Laboratories, Burlingame, X-Phosphate or Fast Red, Boehringer) were converted by alkaline phosphatase in a humidified chamber at room Calif., USA). Anti-CD8 and anti-CD68 mAbs were used as directly (FITC-) labelled reagents. Isotype-matched IgG at temperature (NBT-X for 10-15 min, Fast Red for 30 min). After counterstaining with haematoxilin (Accustain; Sigmaidentical concentrations was substituted for primary antibodies for negative controls. Sections were mounted in Aldrich, Deisenhofen, Germany), slides were mounted in Mowiol (Antifade, Hoechst). In all TUNEL experiments, Mowiol (Hoechst AG, Frankfurt am Main, Germany) for microscopy.
sections of normal mouse thymus, treated in parallel with the muscle sections, served as positive controls. Sections were obtained from different parts of the muscle specimen in each case. All sections were examined and analysed completely, including areas with minimal and maximal inflammatory changes.
Results

Expression of Fas/CD95
In the T-cell-mediated inflammatory myopathies, PM and
TUNEL studies
The TUNEL technique (Gavrieli et al., 1992) was applied IBM, the proportion of Fasϩ fibres ranged from Ͻ1% to 50% and from 18% to 35%, respectively (Table 3) . In DM for detection of DNA fragmentation in situ, using a commercial kit (Boehringer Mannheim, Germany). Briefly, and DMD, the proportion of Fasϩ fibres was Ͻ10% (Table  3) . Fas was not detected in nonmyopathic controls. Fas was tissue specimens were air-dried for ജ1 h and then fixed for 30 min in 4% paraformaldehyde in Tris-buffered saline (TBS; localized both in the cytoplasm and on (or in) the surface membrane ( Fig. 2A ). pH 7.4). Cells were permeabilized with 0.1% Triton X-100 (Labor Roth GmbH, Karlsruhe, Germany) in 0.1 M sodium
The Fasϩ muscle fibres were smaller in diameter (median, 10 µm; range, 7-32 µm; n ϭ 164) than the Fas-fibres citrate, pH 5.2 (Merck, Darmstadt, Germany) for 2 min at 4°C and rinsed with TBS. TUNEL reaction mixture (50 µl) (median, 36 µm; range, 10-60 µm; n ϭ 275) in the myopathic specimens. In order to investigate the possible relationship was added. The enzyme was diluted 1 : 5 in terminal deoxytransferase dilution buffer (Boehringer), and 5 µl of between Fas expression and muscle-fibre regeneration, Fas was co-localized with the regeneration and differentiation proportion of Fasϩ fibres among fibres contacted by T cells was higher (43.0%) than the proportion of Fasϩ fibres among marker CD56 (N-CAM) ( Fig. 2A) . However, muscle fibres co-expressing CD56 and Fas were rare or absent except in fibres without T-cell contact (22.0%; P Ͻ 0.05; Table 4B ). Fas was expressed not only in muscle fibres but also Patient PM1 (Fig. 2A) .
In order to assess the possible relationship between T-cellon a variable proportion of inflammatory cells in PM, IBM, DM and DMD, but not in nonmyopathic controls. Of mediated cytotoxicity and Fas expression in muscle fibres in PM and IBM, Fas in muscle fibres invaded or contacted by the CD3ϩ T cells, 19 Ϯ 6% (mean Ϯ SD) were Fasϩ in PM, 42 Ϯ 5% in IBM and 78 Ϯ 1% in DM. Conversely, CD8ϩ T cells expression was compared with that in fibres not contacted or invaded in the plane of section (Table 4A 72 Ϯ 25% of the Fasϩ cells were CD3ϩ in PM, 56 Ϯ 12% in IBM and 79 Ϯ 5% in DM. In DM, Fasϩ inflammatory T and B). In PM, the proportion of Fasϩ fibres among fibres contacted by T cells (46.6%) was much higher than the cells occurred in clusters located at perivascular and perimysial sites (Fig. 2C) . In only one of the control specimens proportion of Fasϩ fibres among fibres not contacted by T cells (0.9%; P Ͻ 0.001, χ 2 test; Table 4A ). Also in IBM, the (DMD2) was a small number of Fasϩ cells detected at endomysial sites. To examine whether the observed discrepancy beween Fas n ϭ 626 for IBM, n ϭ 725 for DM, n ϭ 332 for DMD and n ϭ 300 for nonmyopathic controls.
Bcl-2 was not detected in control muscle. Only a small proportion of Bcl-2ϩ muscle fibres was noted in DMD Fas expression in muscle fibres. This would be consistent with observations in other tissues (Leithäuser et al., 1993) . (range, 1-5%; total number of fibres analysed, n ϭ 332; Table 3 ). In PM, IBM and DM, the proportion of Bcl-2ϩ muscle fibres was higher, ranging from 6% to 63% (Table  3) . Of the Fasϩ fibres, 76 Ϯ 16% (n ϭ 95) were Bcl-2ϩ in
Role of Fas and Bcl-2 in muscle-fibre injury
Fas was initially identified in functional experiments with PM, 100% (n ϭ 114) in IBM and 63 Ϯ 23% (n ϭ 34) in DM. Like Fas, Bcl-2 was localized in the cytoplasm, but mAbs capable of inducing apoptotic cell death in vitro and in vivo (Trauth et al., 1989; Yonehara et al., 1989) . Our unlike Fas, Bcl-2 did not appear to be associated with the surface membrane of muscle fibres (cf. Figs 2A and 3) .
finding that Fas is expressed in muscle fibres in PM, IBM, DM and DMD raises the question as to whether Fas expression Bcl-2 was expressed not only in muscle fibres but also on inflammatory cells, capillaries and larger vessels in PM, IBM, is related to muscle-fibre injury in these disorders. PM and IBM are considered as CD8ϩ T-cell-mediated DM and DMD (Fig. 3) . Of the CD3ϩ T cells, 75 Ϯ 10% (n ϭ 337) were Bcl-2ϩ in PM, 91 Ϯ 1% (n ϭ 251) in IBM inflammatory myopathies (see reviews in Engel et al. 1994; Hohlfeld and Engel, 1994; Dalakas, 1995) . In the characterand 92 Ϯ 1% (n ϭ 508) in DM. Conversely, of the Bcl-2ϩ cells 91 Ϯ 6% (n ϭ 227) were CD3ϩ in PM, 69 Ϯ 7% istic lesion of PM and IBM, initially non-necrotic muscle fibres are surrounded by activated CD8ϩ T cells (Engel and (n ϭ 171) in IBM and 68 Ϯ 9% (n ϭ 200) in DM. Arahata, 1984) . The T cells traverse the basal lamina, focally replace, displace or compress the fibre, and ultimately replace entire segments of muscle fibre (Arahata and Engel, 1986).
Discussion
In PM, the autoaggressive T cells were shown to be clonally expanded (Mantegazza et al., 1993; O'Hanlon et al., 1994;  
Expression of Fas/CD95
A previous survey revealed that apart from lymphoid organs, Bender et al., 1995) . The invaded muscle fibres express increased amounts of HLA class I molecules (Karpati et al., many tissues, including skin, thymus, kidney, adrenal cortex, gut, liver and lung, express Fas/CD95/APO-1 constitutively 1988; Emslie-Smith et al., 1989) . Taken together, these observations suggest an HLA class I-restricted CD8ϩ T-cell- (Leithäuser et al., 1993) . However, normal skeletal muscle did not stain with the IgG anti-APO-1 mAb. Our observations mediated response against antigen(s) expressed on the musclefibre surface in PM and IBM. The mechanisms by which the demonstrate that Fas, as detected with the IgG mAb anti-APO-1 (Trauth et al., 1989) , is expressed in a proportion of invading CD8ϩ T cells kill the muscle fibres are still unknown. There is evidence that a perforin-and secretionmuscle fibres in PM, IBM, DM and DMD. Although we found Fas preferentially expressed in small diameter fibres, dependent mechanism contributes to the muscle-fibre injury, since the autoinvasive T cells express the cytotoxic effector only a small proportion of the Fasϩ fibres co-express CD56 (N-CAM), an established marker of regenerating fibres molecule perforin and orient their perforin-containing cytotoxic granules towards the target muscle fibre (Goebels (Schubert et al., 1989; Illa et al., 1992) .
Little is presently known about the induction of Fas et al., 1996) . However, cytotoxic T cells can kill by a second, expression and the promoter elements of the Fas gene (Nagata and Golstein, 1995) . In various cell lines and lymphocytes, nonsecretory and ligand-mediated mechanism (Berke, 1994 (Berke, , 1995 Kägi et al., 1994; Griffiths, 1995) . This second killing the expression of Fas is upregulated by cytokines such as interferon-γ and TNF-α (Nagata and Golstein, 1995) . It is mechanism requires the interaction between Fas (expressed on the target cell) and Fas-L (expressed on the T cell) therefore likely that cytokines locally secreted by inflammatory cells induce the expression of Fas in muscle fibres. This (Fig. 1) . Fas-mediated cytotoxicity is thought to induce programmed cell death ('apoptosis') rather than 'necrosis', does not necessarily require direct cell-cell contact, but the cytokines could reach muscle fibres or muscle-fibre segments although it is not always possible to relate the different modes and mechanisms of cell death to specific morphoby diffusion.
Consistent with the hypothesis of cytokine-induced Fas logical features and triggering events (for detailed discussion of programmed cell death, apoptosis and necrosis see expresssion, we found the largest proportion of Fasϩ muscle fibres in patients with pronounced inflammatory changes (e.g. Hockenbery, 1995; Kane, 1995; Majno and Joris, 1995; Schwartz and Bennett, 1995; Scott, 1995) . The special Patient PM1; Fig. 2B ). Furthermore, we observed that muscle fibres invaded or contacted by T cells express Fas much properties of muscle fibres as giant syncytial cells with hundreds of nuclei further complicate the classification of more frequently than fibres not contacted by T cells. On the other hand, Fasϩ muscle fibres were also seen in areas with any morphological changes as 'necrosis' or 'apoptosis'. In spite of these caveats, our observation that myonuclei do sparse inflammatory infiltrates (cf. Fig. 2B) , and a small proportion of Fasϩ muscle fibres was observed in two cases not show the classical changes of apoptosis (pyknosis or karyorhexis), or stain positive with the TUNEL technique, of DMD in which inflammatory changes were minimal. Thus, the relationship between Fas expression and cytokine are evidence against a major role of classical apoptosis in muscle-fibre injury in PM, IBM, DM or DMD. Lack of exposure is by no means absolute. It appears likely, therefore, that not only exogenous but also endogenous factors regulate apoptosis in human inflammatory myopathies has also recently been reported by other investigators (Schneider properties of syncytial muscle fibres discussed above, or the expression of specific inhibitory factors such as Bcl-2, or et al., 1996) .
What could explain the discrepancy between expression both (Vaux et al., 1994; Steller, 1995) . Our observation that the majority of Fasϩ muscle fibres co-express Bcl-2 suggests of the Fas death receptor on muscle fibres and absence of signs of apoptosis? In DM, where there is no evidence for a that Bcl-2 is indeed a major protecting factor. This does not exclude the possibility that Bcl-2 has other, yet unknown, T-cell mediated mechanism of muscle-fibre injury, Bcl-2 might protect muscle fibres from apoptosis triggered by other functions in muscle. The gene encoding Bcl-2 was originally isolated and mapped signals, e.g. cytotoxic cytokines such as TNF-α (Berke, 1994 Kägi et al., 1994; Griffiths, 1995) . By contrast, our to the t(14;18) translocation breakpoint commonly present in non-Hodgkin lymphomas (Farrow and Brown, 1996) . Overresults in PM clearly demonstrate that Fasϩ muscle fibres are contacted and invaded by CD8ϩ T cells (Fig. 2B) . One expression of the gene in B cells leads to their prolonged survival and tumour formation. Later, it was found that Bcl-2 possibility is that the Fas pathway is not activated because of absence or insufficient expression of Fas-L in the T cells and a whole family of related proteins play a key role in the physiological regulation of apoptosis. Bcl-2 has been localized that contact or invade muscle fibres. Unfortunately, mAbs that could be used for immunohistochemical localization of in three distinct cellular sites: the mitochondrial membrane, nuclear membrane, and endoplasmic reticulum (Farrow and Fas-L in human tissue are not yet available (P. H. Krammer, personal communication). However, using a polyclonal rabbit Brown, 1996) . Bcl-2 protects against Fas-based but not perforin-based T-cell-mediated cytolysis (Lee et al., 1996) . anti-Fas-L antiserum, we found that Fas-L immunoreactivity co-localized with CD3ϩ inflammatory cells (not shown).
The exact mechanisms of Bcl-2-mediated protection need yet to be defined, but it has been proposed that Bcl-2 binds and This is not surprising, since the inflammatory and particularly autoinvasive T cells are known to express other activation inactivates various apoptosis-inducing factors, e.g. a factor named Bax (Farrow and Brown, 1996) . In this connection, it markers as well, such as HLA-DR (Engel and Arahata, 1984) . Therefore, it seems very unlikely that the observed absence will be interesting to investigate whether human muscle fibres express any other factors that can induce or inhibit Fasof apoptotic DNA fragmentation is related to a lack of Fas-L.
The second, more likely possibility is that muscle fibres mediated cell death. For example, expression of inhibitors of Cdk (cyclin-dependent kinase) block apoptosis in differentiatare intrinsically resistant to Fas-mediated classical apoptosis, at least in vivo. Resistance could be related to the peculiar ing murine myoblasts in vitro (Wang and Walsh, 1996) . 
marked enrichment of memory T cells in the inflammatory
Fas expression in inflammatory cells
lesions of PM, IBM and DM (De Bleecker and Engel, 1995 et al., 1995) . By contrast, chronically activated T statistical advice and Ms Gaby Hinrichs for technical assistance. This study was supported by the Deutsche cells are susceptible to Fas-mediated apoptosis (Brunner et al., 1995; Lynch et al., 1995) . It is therefore thought that [Review] . Annu Rev (Schmied et al., 1993) . target cells by one of two mechanisms, a secretion and
